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1
IMAGE REDUCING DEVICE AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an image reducing device and a
method, and more particularly to an image reducing device
and an image reducing method that convert image data into
smaller image data with less pixels by simple-averaging and
weighted-averaging.

2. Description of Related Art

When an image captured by an electronic camera with a
high resolution is to be displayed on a display with a low
resolution, the original image data is reduced to smaller
image data. The reduced image data is stored in a display
memory, or the original image data is read from the display
memory to be converted into the reduced image data.

FIGS. 7(a), 7(b) and 7(c) show conventional image reduc-
ing methods. In FIG. 7(a), some of the pixels are removed.
In FIG. 7(b), a simple average (arithmetic mean) of data of
four adjacent pixels of each area is calculated to acquire a
pixel of the reduced image data. In FIG. 7(c), a weighted
average of data of pixels is calculated to acquire a pixel of
the reduced image data.

However, in the first method, the reduced image is
unclear. In the second method, the reduced image is blurred.
In the third method, a memory with a large capacity is
needed and much time is needed for calculation.

If some of the pixels of the original image data are
removed before the simple-averaging or the weighted-
averaging, the image is unclear like that in the first method.

Thus, the hardware and software may become overloaded
in order to produce the reduced image data of high quality.
In addition, edging is performed after the image data is
reduced, and this lengthens the processing time.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
an image reducing device that can obtain a reduced image of
high quality without overloading the hardware and software
and also can perform edging at the same time, and an image
reducing method.

To achieve the above object, the present invention pro-
vides an image reducing device that converts original image
data into reduced image data with less pixels, the image
reducing device comprising: a simple-averaging device that
calculates a simple average of data of pixels of each simple-
averaging area of the original image data to acquire a pixel
of middle image data; and a weighted-averaging device that
multiplies data of pixels of the middle image data that are
adjacent to a pixel of the reduced image data by weight
coefficients according to positions of the pixel of the reduced
image data and the pixels of the middle image data to
acquire the pixel of the reduce image data.

According to the present invention, the image reducing
device comprises a simple-averaging device that calculates
a simple average of the data of pixels of each simple-
averaging area of the original image data to acquire a pixel
of the middle image data, and a weighted-averaging device
that multiplies the data of pixels of the middle image data
that are adjacent to a pixel of the reduced image data by
weight coefficients according to the positions of the pixel of
the reduced image data and the pixels of the middle image
data to acquire the pixel of the reduce image data. This can
obtain a reduced image of high quality without overloading
the software and hardware.
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Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating Pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The nature of this invention, as well as other objects and
advantages thereof, will be explained in the following with
reference to the accompanying drawings, in which like
reference characters designate the same or similar parts
throughout the figures and wherein:

FIG. 1 is a block diagram of an image reducing device
according to the present invention;

FIGS. 2(a) and 2(b) are explanatory diagrams showing
simple-averaging and weighted-averaging of image
reduction, respectively;

FIG. 3 is a block diagram showing the image reducing
method including the weighted-averaging and edging;

FIG. 4 is an explanatory diagram showing the image
reducing method including the weighted-averaging and the
edging;

FIG. 5 is a graph diagram showing brightnesses or den-
sities of the pixels of original image data or middle image
data, after the weighted-averaging, and after the weighted-
averaging with the edging;

FIG. 6 is an explanatory diagram showing the pixels of
the original image data or the middle image data, after the
weighted-averaging, and after the weighted-averaging with
the edging; and

FIGS. 7(a), 7(b) and 7(c) are explanatory diagrams show-
ing conventional image reducing methods by removal,
simple-averaging and weighted-averaging, respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

This invention will be described in further detail by way
of example with reference to the accompanying drawings.

FIG. 1 is a block diagram of an image reducing device 10
according to the present invention.

The image reducing device 10 comprises a lens 14 that
forms a subject image on an imaging device (CCD) 12; an
inputting device 24 including a shutter release button, a
mode selector, a cursor movement keys for moving a cursor
displayed on a displaying device, an area selector, and a
confirmation switch; an information processing device
(CPU) 26 that processes a captured image, edits and reduces
an image, and processes information on the state of the
inputting device 24; a RAM 28 that is an operation area for
the information processing device 26 operates and that
temporarily stores image data at an image data reduction; the
displaying device 30 such as an LCD that displays an image
and inputted information; a VRAM 32 that stores image data
of an image to be displayed on the displaying device 30 in
real time; a memory controller 34 that reads and stores
image data from and in the VRAM 32; a D/A converter 36
that converts digital image data read from the VRAM 32 into
analog video signals and outputs the video signals to the
displaying device 30; and an outputting device 37 that
outputs the video signals to an external apparatus.

The image reducing device 10 also has a storage device 38
that stores captured image data, a card interface 40 that reads
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and stores image data from and in the storage device 38, a
print engine 42 that prints an image on a sheet of paper 41,
and a print interface 44 that controls the print engine 42. The
information processing device 26, the RAM 28, the imaging
device 12, the memory controller 34, the card interface 40
and the print interface 44 are connected to one another
through a bus 46.

The operation of the image reducing device 10 will now
be explained.

First, the user sets a “shooting” mode, and then the subject
image formed on the imaging device 12 is converted into
electric signals, which is temporarily stored in the RAM 28.
The information processing device 26 performs automatic
exposure (AE) and automatic focusing (AF) according to the
image data stored in the RAM 28, and converts the image
data into smaller image data with a resolution that is suitable
for the displaying device 30. The converted image data is
transmitted to a memory controller 34, and temporarily
stored in the VRAM 32, and the image of the data is
displayed on the displaying device 30.

The user focuses the image reducing device 10 on a
subject, and determines a shooting angle, a subject distance
and an exposure while looking at the image which is being
displayed on the displaying device 30, and then pushes the
shutter release button to record the image.

The image data is compressed, and the compressed data
is stored in the storage device 38 through the card interface
40.

When the recorded image is to be reproduced, the user
selects a “reproduction” mode. Then, file list data of the
storage device 38 is read out, and the information processing
device 26 converts the file list data into analog signals to
display a file list on the displaying device 30. The user
selects a desired image from the file list with the cursor
movement keys and chooses the desired image with the
confirmation switch.

After that, the information processing device 26 reads the
image data from the storage device 38. The image data is
decompressed and YC-converted, and the information pro-
cessing device 26 converts the image data into smaller
image data with the resolution that is suitable for the
displaying device 30. Then, the reproduced image is dis-
played on the displaying device 30.

When an image is to be printed, a desired image file is
selected and designated for printing. Then, the information
processing device 26 converts the image data into smaller
image data with a resolution that is suitable for the paper 41
and the print engine 42, and the print engine 42 prints the
reduced image on the sheet of paper 41.

FIGS. 2(a) and 2(b) show the image reducing method
according to the present invention.

As shown in FIG. 2(a), let the pixels of original image
data 50 captured or read from the storage device 38 be M
(Xo> Yo)» M (X4, ¥o)» - - - » M (X5, ¥;). The information
processing device 26 calculates the simple averages of
brightnesses for the three primary colors (R, G and B) of
four adjacent pixels (each simple-averaging area) of the
original image data 50 to acquire a pixel of middle image
data.

For example, a pixel D (o, ¥o) of the middle image data
is acquired from the pixels M (X, ¥5), M (X4, ¥4), M (X0, ¥1)
and M (x,, y,) of the original image data 50. The information
processing device 26 acquires the middle image data with
the pixels D (Xg, ¥o)s - - - » D (X5, ¥5) in this way. The
information processing device 26 does not have to calculate
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4

very much since it only calculates the totals of the bright-
nesses and divides the totals by four (eliminates the last two
bits).

After that, as shown in FIG. 2(b), the information pro-
cessing device 26 calculates the weighted averages of
brightnesses or densities for the three primary colors (R, G
and B) of four adjacent pixels of the middle image data to
acquire a pixel of reduced image data.

For example, a pixel K (X, ¥o) of the reduced image data
is acquired from the pixels D (X, ¥o), D (X3, ¥o)> D (Xg, Y1)
and D (x4, y;) of the middle image data. In FIG. 2(b), the
information processing device 26 acquires the reduced
image data with the pixels K (x,, ¥o), - - - , K(X,, ¥,) in this
way, and the numbers of horizontal and vertical pixels are
each reduced by 25%.

FIG. 3 shows the image reducing method including
weighted-averaging and edging. A pixel D (x,,, y,,) of the
original image data or the middle image data will be referred
to as a pixel D,,,,,.

An edging device above a dotted line comprises pixel
dividing devices 60 that output the brightnesses or densities
of the pixels Dgg, Dg;, Do, Dyy, - - . , subtracting devices 62
that calculate the differences between the brightnesses or
densities of the adjacent pixels, comparing devices 64 that
compare the differences with a predetermined threshold,
selectors 66 that output the differences or 0 according to the
comparison results and brightness/density determination
signals, multiplying devices 68 that multiply the differences
or 0 by a gain and multiply the products by a horizontal ratio
(a ratio of a horizontal difference between pixels D, and
K, to that between pixels D,,, and Dy, ,y,,) or a vertical
ratio (a ratio of a vertical difference between pixels D,,,, and
K., to that between pixels D,,,,, and D,,,,.+,), and an adding
devices 70 that adds up the products and the differences.

A weighted-averaging device below the dotted line com-
prises horizontal multiplying devices 72 that multiply the
brightnesses or densities by a horizontal ratio Ha (a ratio of
a horizontal difference between pixels Dy, and K, to that
between pixels Do and D) or a remainder (1-Ha), vertical
multiplying devices 74 that multiply the products by a
vertical ratio Vb (a ratio of a vertical difference between
pixels D, and K, to that between pixels Dy, and D) or
a remainder (1-Vb), an adding device 76 that adds up the
outputs from the vertical multiplying devices 74, and an
adding device 78 that add the output from the adding devices
70 to that from the adding device 76.

If the differences between the brightnesses or densities are
larger than the threshold, the selectors 66 output the differ-
ences to perform the edging. If the differences between the
brightnesses or densities are smaller than the threshold, the
selectors 66 output O to prevent an increase of noises.

The threshold and the gain may be able to change. In
addition, the selectors 66 may output the differences when at
least one of the differences exceeds the threshold or all the
differences exceed the threshold.

The brightnesses or densities of the pixel Ky, are shown
by the following equation 1,

Koo=DgoxHaxVb+D g xHax(1-Vb)+D, ox(1-Ha)x Vb+D, (1-Ha)x
(1-Vb). equation 1

Brightnesses or densities of the pixel K, after the edging

are shown by the following equation 2,
K'o0=Koo|Doo=Do1[*An%Dog=D1o|xA 10| Dos=DiolxA s | D 1o~
Dyy|xA ;. equation 2

In this method, the production of the reduced image data

and the edging can be performed at one time.
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FIG. 4 is an explanatory diagram showing the image
reduction by the above calculation.

For convenience, the pixels D,,,, in and after the third row
of the original image data or the middle image data are not
shown in FIG. 4. In FIG. 4, the pixel K is in the center of
a weighted-averaging area including the pixels Dgo, Dy,
D,, and D, ,, and the reduction rate is approximately 0.7.

FIG. § shows the brightnesses or densities of the pixels of
the original image data or the middle image data, after the
weighted-averaging, and after the weighted-averaging with
the edging.

The marked points of the pixels of the original image data
or the middle image data and those after the weighted-
averaging are on the same curve. The edging are performed
for parts where the brightnesses or densities largely change.

In this method, the weighted-averaging and the edging are
performed after the number of pixels are reduced by the
simple-averaging, and this shortens the calculation time and
this can obtain the reduced image of high quality without
overloading the software and hardware.

FIG. 6 is an explanatory diagram showing the pixels of
the original image data or the middle image data, after the
weighted-averaging, and after the weighted-averaging with
the edging.

The pixels after the weighted-averaging with the edging
are different from those after the weighted-averaging.

In the embodiment, 1800x1200 pixels of the original
image data are divided into 900x600 simple-averaging
areas, and the simple average of the data of four pixels of
each simple-averaging area is calculated to acquire a pixel of
the middle image data. The number of pixels after the
simple-averaging needs to be a quarter of that of the original
image data or less. The weighted average of the data of four
adjacent pixels is calculated to acquire a pixel of the reduced
image data, and the number of pixels of the reduce image
data is, for example, 640x480 that is suitable for the display
and so on. In case, the number of pixels for the display is a
quarter of that of the original image data or more, only the
weighted-averaging is performed.

The original image data to be reduced according to the
present invention is not limited to raw image data that is
captured with the CCD or read from the storage device.
After the raw image data is reduced according to a conven-
tional reduction method into intermediately-reduced image
data, the intermediately-reduced image data may be
regarded as original image data to be reduced according to
the present invention. That is, the present invention can be
also utilized to reduce the intermediately-reduced image
data. For example, the raw image data of 1800x1200 pixels
is reduced according to the conventional reduction method
into the intermediately-reduced image data of 1280x1024
pixels, and the intermediately-reduced image data of 1280x
1024 pixels regarded as the original image is reduced
according to the present invention into the reduced image
data of 640x480 pixels.

According to the present invention, the image reducing
device comprises a simple-averaging device that calculates
the simple average of the data of pixels of each simple-
averaging area of the original image data to acquire a pixel
of the middle image data, and a weighted-averaging device
that multiplies the data of pixels of the middle image data
that are adjacent to a pixel of the reduced image data by
weight coefficients according to the positions of the pixel of
the reduced image data and the pixels of the middle image
data to acquire the pixel of the reduce image data. In this
method, the weighted-averaging is performed after the num-
ber of pixels are reduced by the simple-averaging, and this
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can obtain the reduced image of high quality without over-
loading the software and hardware. In addition, the edging
can be easily performed at the same time as the weighted-
averaging.

It should be understood, however, that there is no inten-
tion to limit the invention to the specific forms disclosed, but
on the contrary, the invention is to cover all modifications,
alternate constructions and equivalents falling within the
spirit and scope of the invention as expressed in the
appended claims.

What is claimed is:

1. An image reducing device that converts image data of
one original image into image data of a reduced image with
less pixels, said image reducing device comprising:

a simple-averaging device that calculates a simple aver-
age of image data of a plurality of pixels of each
simple-averaging area of the image data of the one
original image to acquire a plurality of pixels of image
data of a single middle image of each simple-averaging
area; and

a weighted-averaging device that multiplies the image
data of the plurality of pixels of the single middle image
that are adjacent to a pixel of the image data of the
reduced image by weight coefficients according to
positions of the pixel of the image data of the reduced
image and the image data of the plurality of pixels of
the single middle image to acquire the image data of the
reduced image.

2. The image reducing device as defined in claim 1,

further comprising:

a subtracting device that calculates differences of image
data of adjacent pixels of the single middle image;

a multiplying device that multiplies the differences by an
edging coefficient according to the differences; and

an adding device that adds the products to the image data

of the pixels of the reduced image.

3. The image reducing device as defined in claim 2,
further comprising a selector that outputs the edging coef-
ficient to the multiplying device only when the differences
are at least a predetermined threshold.

4. The image reducing device as defined in claim 1,
wherein the number of the pixels of each simple-averaging
area is at least four.

5. The image reducing device as defined in claim 4,
further comprising:

a subtracting device that calculates differences of image

data of adjacent pixels of the single middle image;

a multiplying device that multiplies the differences by an

edging coefficient according to the differences; and
an adding device that adds the products to the image data
of the pixels of the reduced image.

6. The image reducing device as defined in claim 5,
further comprising a selector that outputs the edging coef-
ficient to the multiplying device only when the differences
are at least a predetermined threshold.

7. The image reducing device as defined in claim 1,
further comprising at least one of the following:

a reading device that reads the image data of the one

original image from a storage medium; and

an imaging device that captures the image data of the one

original image.

8. The image reducing device as defined in claim 1,
further comprising at least one of the following:

an outputting device that outputs the image data of the

reduced image to an external apparatus;



US 6,747,668 B2

7

a displaying device that displays the reduced image; and

a printing device that prints the reduced image data.

9. An image reducing method of converting image data of
one original image into image data of a reduced image with
less pixels, said image reducing method comprising the
steps of:

calculating a simple average of image data of a plurality
of pixels of each simple-averaging area of the image
data of the one original image to acquire a plurality of
pixels of image data of a single middle image; and

multiplying the image data of the plurality of pixels of the
single middle image that are adjacent to a pixel of the
image data of the reduced image by weight coefficients
according to positions of the pixel of the reduced image
and the image data of the plurality of pixels of the
middle image to acquire the image data of the reduce
image.

10. The image reducing method as defined in claim 9,

further comprising the steps of:
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calculating differences of image data of adjacent pixels of

the single middle image;

multiplying the differences by an edging coefficient

according to the differences; and adding the products to
the image data of the pixels of the reduced image.

11. The image reducing device as defined in claim 1,
wherein a difference in the positions between the pixels of
the image data of the reduced image and the image data of
the single middle image is considered by the weighted-
averaging device to acquire the image data of the reduced
image.

12. The image reducing method as defined in claim 9,
further comprising the step of considering a difference
between the pixels of the image data of the reduced image
and the image data of the single middle image to acquire the
image data of the reduced image.
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